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ABSTRACT 
The wind power potential in India estimated by the Centre for Wind Energy Technology (CWET), Chennai, 
India using a meso scale model at 50 m level is around 48,581 MW. This is based on the assumption that 1% of 
wind resource land is available for wind farm development. Subsequently the installable capacity was 
reevaluated at an 80 m level on an assumption that 2% of wind resource land is available and this was found to 
be around 1,02,788 MW. Even though this was the best attempt and effort a more precise estimation of the wind 
potential land in India considering the wind resource, electrical grid infrastructure, physical, socioeconomic and 
environment factors would improve the estimation accuracy. The wind resource land has been found to be 
around 15% in this study by using WAsP, ArcGIS tools and Multi-Criteria Decision Analysis (MCDA) 
techniques.  
 
© 2013 Published by Elsevier Ltd. Selection and / or peer-review under responsibility of the Research Centre in 
Energy and Environment, Thaksin University. 
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INTRODUCTION 
 
This paper strives to emphasize the fact that for realistic estimation of wind resource potential, land which meets 
specific criteria is of key importance. The novelty of this scheme is that various parameters over and above the 
wind resource components of wind speed and wind power density have been considered. It attempts to throw 
light on the evaluation methodology by firstly prospecting the wind resource of the area using an industry 
standard wind resource prediction model (WAsP) and secondly by converting all the parametric data into spatial 
layers and evaluating them by specifying their importance in ArcGIS using Multi-Criteria Decision Analysis 
(MCDA) techniques. The realistic and feasible quantum of land available in four classes of extremely suitable, 
highly suitable, moderately suitable and exclusions has been determined. Further, this would also assist the 
policy makers in planning and implementing enabling grid network infrastructure, energy mix and spinning 
reserves to achieve targets envisaged. For a realistic estimate of wind resource, land is one of the main 
challenges for wind power development and should be overcome in the initial stages prior to deployment of 
wind energy. This will ensure development of wind energy as a sustainable, clean and effective source of energy 
since the barometer of sustainability of wind energy is not only on its clean renewable identity but also in its 
capability to mitigate impacts. 
 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of 2013 AEDCEE
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A.   Materials and Methodology 
 
The methodology is demonstrated by using a study area as shown in Fig.1 of around 47x 47 sq kms around 
Kaluneerkulam, Tirunelveli District, Tamilnadu, India. The district of Tirunelveli is located in the southern part 
of Tamilnadu and lies between 8°05’ and 9°30’ north latitude and 77°05’ and 78°25’ east longitude. The district 
has complex mountainous and low land plain terrain conditions and the area selected for the study is typical of 
these features. Its physical features include sandy soil and fertile alluvium, a variety of flora, fauna and 
protected wildlife. The district has a population of around 3 million and largely the economy is driven by 
agriculture and this makes it ideal  for the study as the quantum of land available for the deployment of wind 
energy has been investigated incorporating mitigation techniques of the possible  effects on the physical, 
environment and socio-economic features. 
 
 
 
Fig.1. Study Area 
 
The height contours of the area are shown in Fig.2 and the parameters used for the study in the land use/land 
cover map as shown in Fig.3 are settlements, roads (National Highway, State Highway and Village roads), water 
bodies and agricultural land.  
 
 
  
Fig.2. Elevation map of the area                                                                       
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Fig.3. Land use/land Cover 
 
 
 
The electrical substations along with the capacities in the study area have been mapped using global positioning 
system as shown in Fig.4. The parameters measured by various sensors on a meteorological mast such as wind 
speed and wind direction at two heights, temperature, pressure, and humidity have been used for the analysis. 
The location of the mast whose data have been used for the analysis has been decided considering various 
factors such as availability of land, access to land, speeding effects, environmental issues, grid availability etc. 
 
 
 
 Fig.4. Electrical sub-stations 
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The inputs for the model are checked for their accuracies and are taken into the model. The model run for the 
hub height of 50 m outputs the wind resource of the area with the selected resolution of 100m x 100m. The 
computation for the wind resource of the designated area at the height of 50 m is validated using point hand 
calculations and necessary correction factors are determined. The model is re-run for a hub height of 80m.The 
same correction factors are incorporated in the extrapolated results of the parameters of wind speed and wind 
power density at 80 m level. Since the study is in a complex terrain a function called ruggedness index (RIX) is 
incorporated as another correction factor. The wind power density is finally normalized to the site air density 
from the standard air density of 1.225kg/m3 after incorporating all the necessary corrections. 
 
 
 
 
B. Classification of Parameters 
 
 
 
 
 
 
The inputs of wind resource along with inputs of grid infrastructure, land use/land cover, environment and 
socio-economic are classified into ranges and classes along with the exclusion criteria and used in ArCGIS for 
spatial analysis along with weighting factors. The following classes as shown in Table I have been used in the 
study with reference to the various influencing parameters such as wind speed, wind power density, elevation, 
grid infrastructure, etc which are discussed in the order of priority one by one. 
 
 
TABLE I.  CLASSIFICATION OF ZONES 
 
CLASSES ZONES 
 
IV EXCLUSION ZONE 
III MODERATELY SUITABLE 
II HIGHLY SUITABLE 
I EXTREMELY SUITABLE 
 
Wind speed 
 
Since most of the wind turbines are grid connected and are able to connect in the range 2.5 m/s to 3 m/s, sites 
having less than 3 m/s have been classified as exclusion zones. The classification of wind speed is shown in 
Table II. 
TABLE II.  CLASSIFICATION OF WIND SPEED 
 
CLASSES WS [m/s] 
EXCLUSION ZONE <3.5 
MODERATELY SUITABLE 3.5-5.5 
HIGHLY SUITABLE 5.5-8.5 
EXTREMELY SUITABLE >8.5 
 
 
Wind power density 
 
The wind power density lesser than 200 watts/sq-m has been classified as exclusion zone. The classification is 
shown in Table III. 
 
 
TABLE III.   CLASSIFICATION OF WIND POWER DENSITY 
 
 
CLASSES WPD [w/m2 ] 
EXCLUSION ZONE <200 
MODERATELY SUITABLE  200-300 
HIGHLY SUITABLE  300-400 
EXTREMELY SUITABLE  400-850 
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Elevation 
 
 
In the study it is seen that at higher elevations due to the complexity of the south western part of the terrain there 
is loss of power in the wind and therefore elevations above 200 m have been classified as exclusion zones and 
the plain terrain where the wind power potential is higher is classified as extremely suitable. The classification is 
shown in Table IV. 
 
TABLE IV.  CLASSIFICATION OF ELEVATION 
 
 
CLASSES ELEVATION [m] 
EXCLUSION ZONE >200 
MODERATELY SUITABLE 100-200 
HIGHLY SUITABLE 50-100 
EXTREMELY SUITABLE 0-50 
 
Grid infrastructure 
 
 
Some of the substations have a secondary voltage of 11 KV and some 33 KV and they have been designed to 
connect wind turbines which are 5 km and 15 kms away respectively from the location of the substations 
without significant voltage drops. Therefore the constraint of the usability of wind resource land due to 
limitation of the grid infrastructure will inform the developer the extent of the actual available potential wind 
resource land. 
 
 
Physical, environment and socio-economic 
 
 
The main parameters used for land use/land cover are settlements, water bodies, rail, road and highways. The 
study area is 47 km x 47 km which is 2209 sq kms. In a general perspective, the major portion of the study area 
has high wind energy potential and if the effect on water bodies, settlements, road/highways and rail impacts are 
mitigated large areas could become unusable for wind energy projects. The criteria mentioned in Table V have 
been used to mitigate the effects of wind farm development. The impacts identified [3] where studies are 
available are noise, visual impact, shadow flicker, bird hits, electromagnetic interference and effects on the 
ecosystems.  Buffer zones within 2 km [3] from settlements due to noise, shadow flicker and visual impact have 
been used to mitigate the effects. The parameters for socioeconomic impact due to wind farm development are 
mainly identification of cultivable land and resettlement of human habitat. In the study the cultivable land has 
been identified which shall be an exclusion zone for wind farm development. 
 
TABLE V.  CLASSIFICATION OF PHYSICAL, ENVIRONMENT AND SOCIO-ECONOMIC PARAMETERS 
 
CLASSES EXLUSION 
ZONE 
EXTREMELY 
SUITABLE 
Grid Infrastructure (m) (Proximity of Substation) >30 0-30 
Water bodies (m) 0-200 >200 
Rail (m) 0-50 >50 
Roads / Highways (m) 0-50 >50 
Environmental parameter (noise and human settlements) [km] 0-2 >2 
Socio-economic Agriculture land  
 
Pair wise comparison 
 
The weighting of the parameters has been done by pair wise comparison. When the parameter in the row is 
more dominant than the column, then a value of ‘3’ is assigned and when the parameter in the row is less 
dominant than the column, then a value of ‘1’ is assigned. If both the parameters in the row and column are 
equally dominant then a value of ‘2’ is assigned and if both the parameters in the row and column are the same 
then a value of ‘0’ is assigned. The dominance of the parameter is as per the quantified influence and judgement. 
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C. RESULTS 
 
Elevation 
 
The height elevation map of the area is shown in Fig.2. As seen from the map the south west corner of the 
map is a mountainous area with a maximum elevation of 800 m above m.s.l. The majority of the land is 
generally flat terrain (50 m above m.s.l) where there is a possibility of installing wind turbines and the 
classification is as shown in Fig.5.  
 
      
      Fig.5. Elevation map               
 
The Fig. 6 shows the wind speed potential of the area and its classification. 
 
Fig.6.Windspeed map 
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Wind power density 
 
The Fig. 7 shows the wind power density and its classification and is a dominant criterion for the selection of 
the site so that the project becomes economically viable. 
 
Grid infrastructure. 
 
The Fig. 8 shows the location of the substations and the area around which wind power development can be 
undertaken as per the evacuation capacity of the electrical substation. There are no exclusion zones as all the 
area buffered is within the specified limits of   the substations. 
 
  
Fig.7.Wind Power density map                                                                   Fig.8. Substations map 
 
Environmental parameters 
 
The Fig. 9 shows the area which cannot be used due to the mitigation of the effects of noise [3] from the wind 
turbines on human settlements categorized under environmental parameters. 
 
Land use/land cover 
 
The Fig. 10 shows the area that cannot be used due to the mitigation of effects on water bodies from possible 
wind farm development in its vicinity. 
  
 
Fig.9. Noise and Settlements map                                                          Fig.10.Water bodies Map 
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The Fig.11 and Fig.12 shows the land which have been defined as exclusions that cannot be used due to the 
mitigation of effects on roads/highways and rail from possible wind power development. The wind farm 
developmental activities should be away from the roads and rail as it will affect the safety with respect to the 
wind turbines as well as the traffic and also as a compliance to statutory  requirements. 
 
   
Fig.11. Road/Highways Map                                                                    Fig.12. Rail map 
 
Socio-economic 
 
The Fig.13 shows the area which is cultivable and which are not available for wind power development. 
However in the larger interest, if land is acquired on a foot print basis with pathways for logistical access for 
installation, commissioning and maintenance activities agriculture could coexist along the wind farms. 
 
 
 
The following figures Fig.14, Fig.15, Fig.16, Fig.17 and Fig.18 show the four classes and the final overlay. 
 
  
Fig.13. Agriculture Map                                                                    Fig.14. Extremely suitable areas 
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Fig.15. Highly suitable areas                                                                  Fig.16. Moderately suitable areas 
 
   
Fig.17. Exclusion                                                                                    Fig.18.Overlay of all areas 
CONCLUSION 
 
The total area under study was around 2209 sq kms (47 km x 47 km). The total area subjected to the analysis 
has been classified and quantified as shown in Table VI. 
 
Table VI: CLASSIFICATION AND QUANTUM OF LAND 
 
CLASSES AREA (Sq. Kms) 
EXCLUSION ZONE 1871 
MODERATELY SUITABLE 16 
HIGHLY SUITABLE                                                   61 
EXTREMELY SUITABLE                          261 
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It is seen from the analysis that a large portion of the area (1871 sq km) has been found to be in the exclusion 
zone which means that the area cannot be used for wind energy projects. In this study, the combined area of 
moderately suitable, highly suitable and extremely suitable zones, which is around 338 sq km will be the true 
estimate of the potential land considering the wind resource of the area, grid infrastructure, land use/land cover, 
environment and socio-economic parameters. Thus the area from the total area that can be used for wind energy 
development is around 15%.This study emphasizes the importance of considering all relevant parameters for the 
realistic assessment of wind potential land. The methodology in the study can be extended to regions wherein 
the capacities for deployment can be estimated for the whole country. This will assist the manufacturers to 
assess year to year production requirements so that industry can thrive on a sustainable basis. This will also 
assist the planners and regulators for developing the necessary infrastructure in stages as holistic information is 
available for the whole country.   
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